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Introduction 43 44
Hospital administrative databases are a useful tool for measuring hospital activity [1] . They 45 are employed to define health priorities, assess the costs of providing health care, and 46 optimize the organization of healthcare facilities [2, 3] . For some 20 years, these routinely collected data have also been used for research purposes to measure disease incidence 48 [4, 5] or procedure frequencies, assess the rate of complications of hospitalizations or surgery 49 [6, 7] and identify the determinants of medical conditions [8] [9] [10] . The validity of these data 50 depends simultaneously on the reliability of the information recorded and the accuracy of 51 their coding at different stages of processing. Studies to validate hospital administrative data 52 in the United States [11, 12] , Canada [6] , Australia [9, 10, 13] and Scandinavia [5, 14, 15] have 53 generally concluded that they can be used, but underline their numerous limitations,
54
including substantial inter-facility variability in coding quality [16] [17] [18] [19] , better coding for more 55 serious complications and diseases [7, 20] , and better recording of procedures than 56 diagnoses [16, 21, 22] . Most reports on the validation of these data come from English- inexpensive to use. However, before this information can be used, its validity must be 69 assessed.
70
Several studies in Australia and in the USA sought to validate hospital discharge data for 71 numerous obstetrical complications (as many as 50) [13] , or on the contrary, have 72 concentrated on only one or two [20, 27, 28] . Because there is no consensual definition for 73 severe maternal morbidity, we focused on the severe maternal morbid events (SMME) that 74 are the most frequent causes of maternal mortality [29] [30] [31] .
75
Our objective was to study the validity of French hospital discharge data from the
76
Programme of Medicalization of Information System (PMSI) for some SMME. More 77 specifically, our aim was to evaluate whether the SMME were transcribed in the PMSI as 78 they were described in the medical records. 
80

Material & methods
115
at least one specific procedure. The hospitalizations were selected from the PMSI by 116 searching for specific codes for each of these SMME (figure 1) which occurred during the 117 whole maternal risk period as defined by the WHO (pregnancy, delivery and post-partum).
When several abstracts described the same event for the same woman, the event was 119 counted only once.
121
Validation of the PMSI recorded data
122
The medical record was considered to be the gold standard. The term or name of each of the 123 SMME under study was used to search for it in the medical records.
The SMME identification in the medical records was made possible by querying an additional 
134
The cases selected from the PMSI were compared with the data from the matching medical 135 records. This comparison involved a simple reading of the source medical record with all its 136 components: discharge letters (to referring and primary care physicians), nursing records,
137
hospital and surgical reports. Specifically, we did not interpret any examinations or judge any 138 diagnoses. The SMME we sought was either specifically mentioned in the record or it was 139 not.
140
The true positives were the SMME identified simultaneously in the PMSI abstracts and in the 141 corresponding medical records. Inversely, false positives were events recorded in the PMSI 142 that did not exist as such in the patients' records.
143
False negatives were the SMME experienced by patients and listed in their medical records,
144
but not reported in the PMSI. On the contrary, true negatives corresponded to all the 145 situations in which no SMME was listed in either the patient's record or the PMSI abstract.
146
The causes of both false positives and false negatives were further analyzed by reading the 147 complete medical chart and examining all the codes of the hospital discharge abstract.
149
The National Data Protection Authority (Commission Nationale de l'Informatique et des Sensitivity was the probability that PMSI data correctly identified a woman with a SMME; 157 specificity was the probability that PMSI data correctly identified a woman with no SMME.
158
The PPV corresponded to the probability that a woman had a SMME given that SMME was 159 also coded in the PMSI. The NPV, on the other hand, was the probability that a woman had 160 not a SMME given SMME was also not coded in the PMSI.
161
Cohen kappa scores were calculated to assess the degree of agreement between the two 
172
After the study of duplicates, 403 single SMME were identified in the PMSI.
In the PMSI, the three most frequent SMME were, in decreasing order: intensive care, eclampsia, and embolizations (Table 1) . Comparison with the content of the corresponding 175 medical files validated 314 SMME of the 403 identified in the PMSI. After validation, the order situations: a high proportion of false positives for diagnoses, false negatives for procedures,
182
and few false positives or negatives for intensive care (Table 1) .
183
The rate of false positives was 80% for eclampsia. Analysis of the medical records failed to 
191
The PMSI and the medical records listed the same number of cases receiving intensive care,
192
although there were three false positives and three false negatives.
193
For seven SMME identified in the PMSI, the corresponding computerized file was empty, and 194 the accuracy of the information could not be checked. Consequently, these cases could not 195 be classified as either true or false positive, and their status is described as -uncertain‖ 196 (Table 1) . This concerned five eclampsia and two embolisations.
198
The analysis of the content of medical records showed that the false positives for eclampsia 
212
Because the PMSI had numerous false positive errors for eclampsia, its PPV for this disease 213 was low, only 20%. Its PPV for pulmonary embolism was 65%. On the contrary, the PMSI 214 was highly sensitive for these diagnoses, respectively, 85% and 83%. Inversely, the PPVs of sensitivities ranged from 56% to 75%, reflecting the false negative errors found in the 217 preceding analysis. We considered these false negatives for procedures rectifiable since the 218 context of pregnancy/delivery could be identified through other codes contained in the PMSI 219 abstracts. In consequence, we secondarily considered these records as true positive cases 220 of SMME in PMSI, and recalculated revised estimates for the validity indices ( 
223
For intensive care, the sensitivity, specificity, PPV and NPV of the PMSI all exceeded 98% 224 and the kappa score was close to 1.
225
Sensitivity analyses were conducted to evaluate the impact on the calculated indicators of 226 the seven PMSI SMME cases for which the accuracy of information could not be checked in 227 the medical records, and showed similar results.
229
The results by center point out two particular situations (Table 3 ). In centers 1 and 2, the 230 sensitivity, specificity, PPV and NPV of the PMSI data were greater than 80% for identifying 231 SMME. On the other hand, SMME were recorded less accurately in centers 3 and 4. In 
243
PMSI reporting of intensive care is very reliable. Two hospitals correctly transcribed their 244 SMME data in hospital discharge abstracts, whereas two others require improvements: one 245 for false negatives, the other because of false positives.
247
Our study has several limitations. First, there is no consensual definition of severe maternal 248 morbidity. Our selected SMME do not cover all types of maternal morbidity, but they do cover 
252
The type of hospitals selected might have resulted in selection bias. All are tertiary teaching 253 hospitals, chosen because they treat the most severe cases of maternal morbidity in their 254 regions. Even though SMME are, obviously, not exclusive to these tertiary hospitals, this type 255 of facility, which concentrates SMME, remains best for an initial study of PMSI validity related 256 to severe maternal morbidity, given the low expected frequency of these events. Hsia et al.
257
showed in a different context and field that data from small non-university hospitals are not 258 
264
The number of centers included in our study is small, and each has its own organization 265 regarding collection and coding of hospital discharge data. Despite the national rules for 266 treatment of these medical data, the quality of their PMSI differed. In our study, it is not the 267 PMSI data processing system that seems inappropriate for dealing with severe maternal 268 morbidity, but rather the rigor and quality of its application within each facility. This limitation 269 prevents us from generalizing our results to the national level. However, this issue is less 270 relevant for intensive care because the great majority of intensive care units are located in 271 teaching hospitals; moreover, the intensive care variable is less error-prone due to its 272 particular coding rules.
273
Our objective was to study the validity of the PMSI database for some SMME. More 14, 16, 17, 22, 27, [38] [39] [40] ], but we evaluated whether the SMME were transcribed in the PMSI as 278 they were described in the medical records. Therefore, our study is based on the comparison 279 of existing records, and the gold standard is represented by the diagnoses which justified 280 and generated a specific management. In a different perspective, a study assessing the 281 accuracy of diagnoses recorded in a series of randomly selected source medical files, by 282 using a blinded recoding by experts would provide complementary information.
284
The use of computerized medical files was required to search easily and inexpensively for 285 SMME that were described in records but not reported in the PMSI (false negatives). In half 286 of the centers (n°1 and 3), these computerized medical files were the actual entire and only 287 medical record. The search for false negatives in the PMSI was thus possible and even easy. verified daily by midwives specifically assigned to this function. They might therefore be 291 considered a relevant source for false negatives searching. Our method therefore simplified 292 the study of false negatives and allowed us to estimate the validity of PMSI coding for the 293 SMME in a large sample of more than 30,000 deliveries. Nonetheless, it is possible that 294 some SMME were not entered in the source medical record or in the computerized files.
295
These false negatives may not have been identified, their number may have been 296 underestimated, and consequently the sensitivities overestimated. It would have been 297 possible to randomly sample hospitalizations to estimate the false negative rate in the 298 medical records. Because SMME are rare events, however, to be valid, this method would 299 have had to include a very large sample. The cost/benefit ratio of such a study appeared 300 quite negative to us, and we did not chose this option. 
307
The analyses of the diagnoses in the PMSI show that their coding validity is poor. The 308 numerous false positives indicate that diagnoses are overreported in the discharge abstracts.
309
The low PPV of the PMSI for eclampsia -20.2% -means that in this database, most so- 
313
Australian multicenter study [13, 39] 
315
Several factors may explain the overreporting or upcoding of diagnoses in hospital 316 databases. First, the large variety of participants of diverse skill levels involved in coding remuneration for the hospital [11, 43, 46, 47] 
336
and attributed this result to specific coding errors [13, 20] . The quality of reporting is better in 337 our study, but the same type of errors is still present. These errors, first mentioned in the 338 1990s [12, [42] [43] [44] and reported still today [20, 22] , are the consequence of using a 339 classification that is ever more specific and increasingly complicated Coding becomes 340 extremely time-consuming, thus inciting physicians to record procedures in the hospital 341 databases with the code they use most often, even though perfectly appropriate codes exist 342 for the specific situation. A similar problem is seen with the use of the "thesaurus", a predicted this type of problem at the implementation of the system of health-related 346 administrative databases in the United States in the early 1980s.
347
In our study, most of these false negatives could be easily identified because the hospital 348 discharge summaries with the non-specific procedure code also contained codes indicating 349 the context of pregnancy/delivery. In consequence, such a correction could be introduced in 350 routine, Overall, the high PPV and sensitivity of the PMSI for most of the procedures studied
351
indicates that their coding is relatively valid and that errors are rectifiable. In these conditions,
352
it appears acceptable to us to monitor their frequencies from the PMSI.
354
Our findings are consistent with those from international studies that validated similar types 355 of databases. In obstetrics as in other field, the coding in hospital databases is more reliable
356
for procedures than for diagnoses [16, [19] [20] [21] [22] 38] . This research appears to us to be an 
365
An original aspect of our study is to have sought to validate the coding for intensive care in 366 hospital data. Their sensitivity, specificity, PPV and NPV in the PMSI are very high (>98%).
367
Related PMSI data are both accurate and reliable. In obstetrics, such intensive care can 368 therefore be used as a marker of the severity of maternal morbidity, and our results are the 369 first to show its validity.
371
Our study is one of the first to estimate the validity of hospital administrative databases in data, the national health insurance fund is multiplying external audits to identify coding errors 376 and overcoding. Facilities where abuses are identified will be required to reimburse 377 payments for unjustified services. The increase in these external quality controls, in addition 378 to the internal controls organized by the hospitals, should surely lead to improvements in 379 data quality.
381
Conclusion
382
Hospital discharge data can be used for monitoring the frequencies of procedures for 
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- 
